Background: Depression among medical residents is a critical issue. The early detection of depression and provision of appropriate care is necessary for fostering healthy conditions during clinical training. To investigate whether Sense of Coherence (SOC), an indicator of stress coping ability, could be a predictor of depression 2 years after the start of clinical training, we conducted a national longitudinal study.
Introduction
Medical residency is an important time to learn how to be a skillful doctor. However, it is both physically and mentally stressful and burdensome [1, 2] . Depression, which could lead to a leave of absence, dropping out of medicine, or suicide in worst case, is an important stress reaction and one of the most significant problems [3] . Goebert et al reported that nearly 6% of depressed residents have suicidal ideation [4] . The prevalence of depression among residents is variable, with reports ranging from 7% -35% [5] [6] [7] [8] . However, most studies have found the rate of depression among residents to be higher than that of the general public (4% -5%) [5, 8, 9] . In fact, we reported that 23 .3% of first-year residents who did not have depressive symptoms before the start of training had depressive symptoms after 3 months of clinical training [10] .
Depression among residents is also harmful to patients. Fahrenkopf et al reported that depressed residents made 6.2 times as many medical errors per month as residents who were not depressed [11] . Depression in residents is related to medical error, and medical errors may lead to depression, which creates a negative cycle [11] .
The early detection of depression and provision of appropriate care is necessary for fostering healthy conditions during clinical training. However, early detection of depression is difficult, regardless of the severity and frequency of depression [12] . If we can identify predictors of groups at high risk for depression, it might help detect depression earlier. Those may support the early detection of depression in residents and facilitate the provision of appropriate support before depression becomes any worse. [13] .
Previous studies have suggested some predictive factors for depressive symptoms in residents, such as self-criticism [14] , an unhappy childhood [1] , and previous mental health Medical Trainees' Mental Health J Clin Med Res. 2018;10(9):715-721
problems [8] . However, many residents may hesitate to answer questions about such personal issues, so it might be hard to use these predictive factors to identify residents who are at high risk for depression.
In our previous study, we suggested that residents in the low Sense of Coherence (SOC) group had a 3-fold higher risk of future depressive symptoms than those in the high SOC group at 3 months after of the start of clinical training [10] . SOC is a concept stated by Antonovsky in 1979 that relates to stress coping ability [15] . We can determine an SOC score using a selfadministered questionnaire [16] . Persons with high SOC scores have high stress coping ability [16] . Since the SOC score is not the delicate personal information, sharing information about residents among directors and attending physicians was relatively easy, which allowed for the provision of appropriate support.
In this previous study, however, follow-up occurred 3 months after the start of clinical training. Since this was an early time point, it was possible to evaluate acute stress reactions [17] .
From the perspective of long term follow-up, SOC scores were associated with the onset of depression among Japanese workers in a previous study with a 1-year follow-up period. The risk ratio for depression with a high SOC score compared to a low SOC score was 0.18 [18] . However, in this previous study, the subjects were not residents, and the follow-up period was just 1 year, which is shorter than the 2 years of a primary residency program.
Since it was unclear that SOC scores could be used as predictors of future depression among residents more than 3 months after the start of clinical training, we conducted a national longitudinal study to investigate whether SOC could be a predictor of future depression 2 years after the start of clinical training.
Materials and Methods

Subjects and study design
We contacted 853 postgraduate educational hospitals across Japan using the Residency Electronic Information System (REIS), which is the Japanese government's database of hospitals providing clinical training, asking the hospitals to participate in our study. We mailed questionnaires to the hospitals that agreed to participate. The clinical training program directors distributed the questionnaires to first-year residents at the orientation session at the beginning of clinical training, March 2011. The questionnaire contained the Center for Epidemiologic Studies Depression (CES-D) scale to evaluate depressive states, the SOC scale, and basic demographic information such as age, sex, and type of training hospital (university hospital or other educational hospital). In addition, we assigned an ID number to each questionnaire, which was also used in the follow-up survey. The ID number was handled separately to protect personal information.
Two years after the start of their training, March 2013, we conducted a follow-up survey of residents who had responded to the first survey. The questionnaire contained the CES-D, mean working hours on weekdays, mean working hours on weekends, and number of night shifts each month.
CES-D
We used the CES-D scale to evaluate depressive symptoms. The CES-D tool consists of 20 items that focus on the experience of depressive symptoms within the last week [19] . Using a scale of 0 -3, respondents rate all 20 items to produce a final score in the range of 0 -60 [19] . We used the Japanese version of the CES-D, which has confirmed reliability and validity [20] . Using a cut-off level of 16 points, the sensitivity is 88.2% and specificity is 84.8% for depressive symptoms [20] ; and we defined a person with a score ≥16 as screen-positive for depressive symptoms.
SOC scale
We used the Japanese version of the SOC questionnaire, which consists of 13 items rated using a 5-point scale, which has certified reliability and validity [21] . We classified residents into three groups by overall SOC score. Because there is no definitive cut-off point for the SOC scale, we used the mean and standard deviation (SD) of the overall SOC score to define the groups, as in previous studies [10, 22] . Groups were as follows: low SOC group, SOC score < mean -SD; high SOC group, SOC score > mean + SD; middle SOC group, SOC score within 1 SD of the mean.
Mean working time
As in previous studies [22, 23] , it might be difficult for residents to report the mean number of work hours per week directly because many count their working time by day, so the mean number of working hours was calculated using the following equation with three components: mean working time on weekdays, mean working time on weekends, and number of night shifts each month.
Mean weekly working hours = 5 × (mean working hours on weekdays) + 2 × (mean working hours on weekends) + 7/30 (monthly number of night shifts) (24 -mean working hours on weekdays)
Mean weekly working time was defined as the sum of 5 times the mean daily working time on weekdays, plus 2 times the mean daily working time on weekends, plus the mean working time for night shifts. The questionnaire included the number of night shifts per month, so we re-calculated this value as the number of night shifts per week. We calculated the working time for each night shift as 24 h minus the mean daily working time on weekdays.
Statistical analysis
We included residents who answered both the first survey and the follow-up survey. We excluded persons with any missing SOC, CES-D, or demographical data. To evaluate how medical training influences mental health as a stress factor, we also excluded residents who already had depressive symptoms at Residents who did not have depressive symptoms on the first survey but had depressive symptoms on the follow-up survey were defined as having new-onset depressive symptoms.
To reveal any associations between new-onset depressive symptoms and SOC group, baseline CES-D score, demographic factors, and working hours, we used Chi-square tests or t-tests for univariate analysis. We conducted logistic regression analysis for new-onset depressive symptoms to adjust confounding factors, using demographical information and variables with P-values less than 0.10 in the univariate analysis as independent variables. The significant level was set at P < 0.05. All statistical analyses were conducted using SPSS version 22.0 (IBM Japan Ltd., Tokyo, Japan).
Ethical considerations
The study was approved by the Ethics Committee of the Faculty of Medicine of the University of Tsukuba (No. 77). The purpose of this study and measures to protect data security were stated on the first page of the questionnaire. At the same time, we explained that participation in this study was voluntary. The data were de-identified prior to statistical analysis to protect personally identifiable information.
Results
Characteristics of study participants
In total, 251 hospitals participated in our study, and we distributed questionnaires to 2,935 residents. For the first survey, 1,738 residents responded (59.2%). Of these, 1,169 residents (67.3%) responded to the follow-up survey. Data were missing for 43 respondents for the follow-up survey, so we excluded them. Of the remaining 1,126 residents, 169 residents (15.0%) already had depressive symptoms at the time of the first survey, so we also excluded them. Finally, 957 residents (32.6%) were included in the analysis. The number of male residents was 621(64.9%). Mean working time was 72.7 ± 15.2 h/week and 28.5% of residents worked more than 80 h per week. Demographic factors, mean SOC score and category, and mean working time are shown in Table 1 .
SOC grouping
Mean SOC score was 44.3 ± 6.0 (range 18 -65). In the low SOC group, there were 147 residents (15.4%), compared with 670 residents (70.0%) in the middle SOC group, and 140 residents (14.6%) in high SOC group.
New-onset depressive symptoms
On the follow-up survey, 187 (19.5%) residents had new-onset depressive symptoms. The mean age was 26.3 ± 3.9 years; 122 were male (65.2%). The mean SOC score was 42.1 ± 6.2. Demographic factors, mean SOC score and category, and mean working time of residents with and without new-onset depressive symptoms are shown in Table 2 .
In univariate analyses investigating the association between new-onset depressive symptoms versus demographic factors, baseline CES-D score, and working time, only CES-D score at baseline (6.5 ± 4.0 vs. 8.8 ± 3.7 for absence vs. presence of new-onset depressive symptoms; P < 0.01) was significant. Low CES-D scores at baseline seemed to be low risk for development of new-onset depressive symptoms. There were no significant differences by sex (Table 2) .
Relationship between new-onset depressive symptoms and SOC score
The mean SOC score was significantly lower in residents with new-onset depressive symptoms compared with residents without new-onset depressive symptoms at follow-up (P < 0.01) ( Table 2 ). In the low SOC group, 33.3% of residents had new-onset depressive symptoms, compared to 18.2% in the middle SOC group and 11.4% in the high SOC group (P < 0.01) (Fig. 1) .
Logistic regression analysis
We present the results of multivariate logistic regression analysis for new-onset depressive symptoms in Table 3 . We included SOC group, age, sex, hospital type, and mean working time 
Discussion
In the present longitudinal study, after adjusting for CES-D score at baseline and mean working time, the SOC score was independently associated with new-onset depressive symptoms. Compared to the high SOC group, the odds of having new-onset depressive symptoms were 2.04 times higher in the low SOC group, even 2 years after the start of clinical training. In our previous study, we suggested that SOC could be a predictor of future depressive symptoms among residents [10] . The follow-up period was, however, just 3 months, so it remained unclear that it could apply to the 2 years of a primary residency program. In a previous study of workers in a software development company in Tokyo, Japan, with a long follow-up period, Sairenchi et al reported that SOC was a predictor of future depression after 1 year [18] . In this previous study, with the low SOC group as the reference group, the odds ratio for future depression in the high SOC group was 0.18. To the best of our knowledge, the period of 1 year in this previous study was the longest investigation of the association between SOC and depression. Since we suggested SOC is a predictor of future depressive symptoms 2 years after the start of clinical training in the present study, it would be valuable to identify groups at high risk for future depressive symptoms over a longer period than the previous study.
In the previous study of Sairenchi et al [18] , the subjects were workers, whereas in our present study the subjects were resident physicians. Among residents, several studies have found the rate of depression to be much higher than that of the general public [5] [6] [7] [8] [9] 24] . Thus, SOC could help identify groups at high risk for depression and help provide of appropriate care.
Logistic regression analysis showed that mean weekly working time is significantly associated with new-onset depressive symptoms. The Accreditation Council for Graduate Medical Education (ACGME) strictly limits working time per week to 80 h per week [25] . Although standards and context differ by country, the fact that 28.5% of residents worked for more than 80 h per week is a very important concern. Stronger enforcement of working time in educational hospitals is needed. The SOC scale is a quick and easy-to-use tool. Furthermore, the SOC scale has been translated into more than 10 languages [16] , so it would be feasible to use in many educational hospitals. Since the SOC scale yields a score, residents would not be as likely to hesitate in giving answers for questions about previously identified factors such as self-criticism, unhappy childhood, and history of mental health problems.
Since a low SOC score could be a predictor for groups at high risk for future depressive symptoms, we could monitor high-risk groups carefully and detect early signs of depressive symptoms [13] . At the same time, we could provide appropriate care for high-risk group such as raising the issue with directors and attending physicians [3] and providing frequent short-term counseling [13] .
Although the SOC scale can be a useful tool, we should be careful when using the SOC scale. While the odds ratio of the low SOC group for new-onset depressive symptoms was 2-fold higher than that of the high SOC group, 18.2% of residents in the middle SOC group had new-onset depressive symptoms and 11.4% of residents in the high SOC group had new-onset depressive symptoms (shown in Figure 1 ). Depression seems to be influenced by many factors, so a comprehensive preventive strategy for depression is needed for all residents. When we share the SOC score of residents among attending physicians, attending physicians should not develop prejudice against residents or divulge this information to others. The SOC must be used appropriately as delicate personal information.
This study has some limitations. First, we included residents who responded to both the first and follow-up survey. It is possible that residents who responded to our questionnaire would be more interested in topics such as working conditions, mental health, and depression, which could lead to sampling bias. On the contrary, it is possible that severely depressed residents could not respond to both surveys, causing loss of interest for everything. Hence, we might overestimate or underestimate the number of residents with new-onset depressive symptoms. Second, only 251 (29.4%) of 853 hospitals participated in this study, which is a relatively small number. However the locations of hospitals that participated in this study were geographically representative of Japan. Third, increasing the length of the study might strengthen the results, but we should consider potential limitations in external validity if the findings were to be extrapolated to other nations with longer residency programs. Fourth, since we categorized residents into three groups using the mean score ± SD, 70% were categorized in the middle SOC group, which might have affected the results of the regression analysis. In a previous study, the authors categorized subjects based on SOC score tertiles into three groups [26] . In practice, because the distribution of SOC scores is likely to be different in different populations, the SOC score should not be evaluated as an absolute value. Instead, it should be evaluated as a relative value within a population [15, 16] . Since this present study is part of a series of studies about depression among medical residents, we used the mean score ± SD to categorize subjects into three groups as we did in our previous study [10] . We believe that further research about categorization by SOC score is needed.
Finally, we used a self-administered questionnaire and defined residents who had a CES-D score of ≥ 16 as screening positive for depressive symptoms, which may not always correspond to a clinical diagnosis of depression. However, the prevalence of depressive symptoms was 15.0% at the baseline survey, which was similar to the 15.2% prevalence of depressive symptoms in a study using the CES-D scale translated into Japanese [20] . These observations lend credence to the value and accuracy of our self-administered questionnaire.
Conclusions
The SOC score is significantly related to future depressive symptoms among medical residents 2 years after the start of clinical training. The SOC scale might be a useful predictor of future depression that can allow for the provision of appropriate support to prevent depression throughout the 2 years of a primary residency program.
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